A toxicidade do líquido de perfuração XP-07, nas brânquias de Tilapia guineensis, foi avaliada por meio de um bioensaio estático de 96h em três estágios da vida do peixe (larva, alevino e juvenil). As taxas de mortalidade do organismo foram avaliadas nas mesmas concentrações de XP-07 para todos os estágios de vida do peixe. As brânquias foram avaliadas ao final de 96 horas, com o objetivo de observarem-se mudanças histopatológicas.
A concentração média letal para 96h foi de 5,03; 7,77 e 6,93% para larvas, alevinos 
INTRODUCTION
Natural resources such as oil and gas in the subterranean formation can be recovered by drilling wells that penetrate the formation. The well bore is drilled down to the formation using drilling fluid. During drilling process, the drilling fluid carries the drill cuttings in a return flow back to the platform. The drilling fluids and cuttings are usually discharged into the waters in the immediate vicinity of the drilling platform (OGP, 2004) . Concern has grown in recent years because this practice may be damaging to the sensitive or highly productive ecosystem such as Niger delta wetland where most drillings are taking place in Nigeria.
The exact chemical compositions of many drilling fluids are not known. Gas chromatographic analysis has revealed that drilling fluids contain additives which are complex mixture of highly volatile materials and toxic substances such as heavy metals, hydrocarbon and organic compounds. These Ciência Rural, v.40, n.3, mar, 2010. substances when discharged untreated into the environment are capable of interfering with normal functions of the organisms (PATIN, 1999; WILLS, 2000; SOEGIANTO et al., 2008) . The drilling waste may kill marine life, smother or suffocate it with plume of suspended particles which results in potential damage to fish and invertebrate population and alteration in feeding and spawning grounds (CRAWFORD & GATES, 1981; NEFF et al., 2000) . According to PATIN (1999) , ferrochrome lignosulfonate, a common drilling fluid additive used as a thinner and deflocculant, reduced survival and growth of fish egg and fry. The filtration control additive CMC (carboxy -metalcellulose) can cause death in fish fry at high concentrations (1000-2000mg l -1 ) and physiological changes such as lower feeding rates and higher mortality.
Median Lethal concentration(96h LC 50 ) is a standard test used to determine the concentration of a chemical that will prove lethal to 50% of the test organisms in 96 hours. SAASEN et al. (2001) gave Median lethal concentrations (LC 50 ) of drilling fluids based on non-aromatic oil based muds (NAOBM) as (in mg l -1 ): >100,000, 576, 76,088 and 1211 for marine algae -Skeletonema costatum; mussel -Abra alba; copepod -Acartia tonsa and amphipod -Corophium volutator respectively. NEFF et al. (1981) exposed 11 marine invertebrates to different drilling fluids and observed that the drilling fluids were acutely toxic to these organisms and the level of toxicity depended on the additives used.
Limanda limanda, a benthic flat fish exposed to treated and untreated drill cuttings tends to accumulate base oil and aromatic substances derived from the oil (STAGG & MCINTOSH, 1996) . For most aquatic organisms, the gills are major sites through which waterborne pollutants can enter the body, and gills are often affected by such substances including drilling fluid (SPRAGUE & LOGAN, 1979; CRAWFORD & GATES, 1981 ) . In this study, the toxicity of a common drilling fluid (XP-07) was carried out on different life stages of a bony fish in the Niger delta to ascertain at what stage the organism is most susceptible to the drilling fluids and to observe any significant histological changes in the gill structures.
MATERIALS AND METHODS

Test organisms
The T. guineensis were collected from the African Regional Aquaculture Centre (ARAC), Buguma, Rivers State, Nigeria. In the laboratory, the fish were sorted out to different sizes depending on the life stages: fry (Fr) (0.52-0.55g), fingerlings (F) (5.51-5.56g) and post fingerlings (FP) (>10.5g) and transferred immediately to the holding tanks (ODIETE 2003) . Fish were fed twice daily with NIOMR feed (35% protein). Mortality during the holding period was less than one percent of the whole population.
Preparation of test materials
The test material is a synthetic based drilling fluid obtained from Bariod Nigeria Limited. The drilling fluid was stored in a 5 litre uncontaminated polyethelene containers at temperature of below 4 0 C. Before the fluid was used, it was mixed in a storage bucket with a mixer at 3450rpm for ½ hour.
Concentrations used for all the life stages, were 10%, 8%, 4%, 2% and 0% vol/vol (1%=1000mg l -1 ). Drilling fluid was added to the water and thoroughly mixed for 20 minutes and allowed to settle for 1 hour before the fish were introduced into the test chambers (REISH & OSHIDA, 1986) . The drilling fluid settled into a thin layer covering the bottom of the test chambers.
Toxicity test
A complete randomized design was carried out. Five treatments with 3 replicates were used for fry and fingerlings. Fifteen (25 litres) containers were used for the fry while fifteen (50 litres) containers were used for the fingerlings. For the post fingerlings, there were 5 treatments with 2 replicates and ten concrete ponds (120cm \120cm \120cm) of 500 litres capacity were used. Ten fish were carefully placed into each replicate tank containing test solutions for diferent test concentrations.
The tests were conducted in the laboratory under room temperature using static non-renewal bioassay. The fish were kept with a 12h light and 12h dark light cycles and not fed during the bioassay. Water quality parameters of the test tanks were monitored daily for the replicates using standard methods (APHA, 1998) .
Regular observations were made during the first 12h and 24 hourly for 96 hours and mortality was used as a measure of toxicity. Fish which lost their equilibrium, floated ventral side up and did not respond to touch, were considered dead and removed immediately. The susceptibility of fish to drilling fluid was measured in terms of 96h median lethal concentrations (LC 50 ). LC 50 , median lethal time (LT 50 ) and 95 % confidence intervals were calculated with a computer program based on the probit analysis.
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Procedures for the Histopathology.
At 96h, two fish were sacrificed by a sharp blow to the head. The gills were cut, removed from the individual fish and processed using methods given by GOLDER ASSOCIATES(1997).
RESULTS
The level of physicochemical parameters determined during the experiment at the various concentrations did not vary significantly (P<0.05) from those of the control. The mean temperature and dissolved oxygen values were 27.4±0.9 0 C; 4.25±0.34mg l -1 respectively, while the alkalinity value was 22.28±0.4mg l -1 and pH 7.02±0.05. Within an hour of introduction of the fish, they were restless and made attempts to jump out of the tanks. These reactions to the toxicant were most pronounced in tanks containing the highest concentrations (10%). However, these reactions subsided and the fish became calm as the experiment progressed.
Mortality of T. guineensis increased gradually up to 96h with increasing drilling fluid concentrations, with 40-80% mortality for the fry, 33-63% mortality for the fingerlings, and 40-73% mortality for the post fingerlings kept at 2, 4, 8 and 10% XP-07 (Figure 1) .
The 96h LC 50 for XP-07 were 5.03, 7.77 and 6.93% for fry, fingerlings and post fingerlings respectively with the confidence intervals presented in table 1. The LT 50 ranged from 48.81-95.58h for fry; 73.37-109.13h for fingerling and 57.89-106.74h for post fingerling exposed to the different concentrations (Table  2) . Highest mortality was recorded in the fry stage.
In the histological study, gills of untreated T. guineensis revealed normal parallel arranged gill filaments, which consisted of primary lamellae and its delicate secondary lamellae arrays with all epithelial cells intact. However, changes in the gill filaments were observed after exposure to XP-07. In the fry exposed to 2% and 4% XP-07, there were epithelial lifting of the primary lamellae while in 8% XP-07, shortening and fusion of the secondary lamellae were observed. In 10% XP-07, the fish samples had increased proliferation of epithelial cells and the proliferation was extensive that adjoning lamellae became fused (hyperplasia). Similar histological changes were observed in gill structures of the fingerlings and post fingerlings. The gills of fingerlings exposed to 2% XP-07 had epithelial lifting on primary lamellae while epithelial lifting on primary and secondary lamellae occured in gills exposed to 4% and 8% XP-07. Fusion of adjacent lamellae was observed in 10% XP-07. Lifting of the epithelia on the primary lamellae was detected in post fingerlings gills exposed to 2 and 4% XP-07, while disruption of the arrangement of the gill filament was noted in 8% XP-07. At the highest concentration(10%), the epithelial cells lining lamellae undergo hyperplasia.
DISCUSSION
The percentage mortality, which increased progressively with increase in concentration of drilling fluid over time of exposure, is in agreement with previous findings using mollusc and annelids (BOWMER et al., 1996) . The results of investigation on fish mortality indicated that XP-07 is acutely toxic to the different life stages of T. guineensis. However, the acute toxicity was relatively low. The 96h LC 50 values for the static bioassay with XP-07 for the three life stages varied from 5.03 to 7.77%. This is probably because the fluid was not renewed daily during the 96h bioassay period. NEFF et al. (1981) noted that if aqueous mud fraction was renewed daily, its toxicity will increase several-fold, demonstrating that toxic components may be lost from solution by volatilization.
The toxicity of drilling fluids has been attributed to their hydrocarbon content (PARRISH & WARD, 1988; NEFF et al., 2000) . Low hydrocarbon content in XP-07 drilling fluid can be responsible for the low toxicity and also a synthetic based fluid, which does not readily disperse in water (WILLS, 2000) . The fry was most sensitive to the drilling fluid which was in conformity with data from other workers (CARR et al., 1980; PARRISH & WARD, 1988) . However, NEFF et al. (1981) observed that juveniles of N. arenacedentata were slightly less sensitive when compared to the adult, because of the inactive feeding of the juvenile.
Based on the conventional toxicity rating classification system as a method of ranking relative toxicities of drilling fluids, XP-07 may be considered as being slightly toxic. The 96h LC 50 of XP-07 on T. guineensis were within the range for slightly toxic category (SWAN et al., 1994) .
Exposure of fish to XP-07 resulted in changes in the gills that were dose dependent, similar to what was obtained by SOEGIANTO et al. (2008) when Penaeus monodon was exposed to drilling waste. In addition, CERQUEIRA & FERNANDES (2002) reported similar result in the freshwater fish Prochilodus scrofa exposed to copper. Abrasion or Table 1 -Median lethal concentrations (LC50) and 95% confidence intervals of XP-07 on the different life stages of T. guineensis in 96h. Table 2 -Median Lethal Time (LT50) and 95% confidence intervals of XP-07 on the different life stages of T. Guineensis. clogging of respiration surfaces occurred in rainbow trout when exposed to bentonite, a common drilling fluid additive (SPRAGUE & LOGAN, 1979) . The authors explained that these responses in rainbow trout were due to physical interactions with the respiratory surfaces, as opposed to chemical toxicity. Alterations that occurred in the gills as a result of exposure to XP-07 include epithelial lifting, hyperplasia, lamella disruption or fusion, symptoms consistent with gill irritants. The morphological changes induced by drilling fluid in fish gill tissues have shown two types of responses: defense and compensatory responses. These responses help to reduce entry of toxicants, prevent them from reaching the blood stream and to a lesser extent, minimize damage caused by direct effect of toxicant (CERQUEIRA & FERNANDES, 2002) . The damage after exposure would lead to reduction in effective surface area, and an increase in diffusion distance for respiratory exchange.
The fry was most susceptible to the drilling fluid. Therefore, there is need to consider drilling fluids as pollutants of great significance, since the delta serves as a breeding ground for most fishes with their juveniles abounding there.
